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(54) Title: A CARDIAC STIMULATING DEVICE 




(57) Abstract: The invention concerns an implantable cardiac 
stimulating device (10). The device comprises a control cir- 
cuit ( 14) adapted to be connected to a first (16) and second (36) 
electrode in order to stimulate a fust (18) and second (38) ven- 
tricle of the heart. The device ( 10) comprises means (24« 44) 
for sensing evoked response parameters for the two ventricles 
(18, 38). The control circuit (14) comprises means (46) to en- 
able the delivery of the stimulating pulses (21 ) to the electrodes 
(16, 36) within the same cycle of the heart such that there may 
be a time interval (dT) between them. The control circuit (14) 
controls the delivery of the stimulating pulses (21) such that the 
evoked response parameters of the two ventricles (18, 38) oc- 
cur substantially simultaneously. 
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A cardiac stixmilating device 
5 BACKGROUND OF THE INVENTION 
1., Field of the invention 

The present invention relates to an implantable cardiac 
10. stimulating device. More precisely, .the invention concerns 
. such a tSti^mulating .device, comprising a-; housing, a control 
circuit enclosed in the housing,.* said control circuit being 
adapted to. be connected to a fist electrpde;:;to. be positioned 
to stimulate a .first ventricle of the_ heart,? The control 
15 circuity is also adapted:, to -be connected to a ..second 
electrode., to -be ppsition^Bd. to stimulate the second ventricle 
of the heart. The control circuit also ^comprises means for 
de^livering: stimulating pulses:.; to . the,., first and - second 
electrodes. . -Furthermoire/ the*: device., comprises means for 
2.0 sensing : at least one . . evoked ,:. response parameter to the 
stimulation of- the first -and second - ventricles . 

2 . Description of the prior art 

25 Most pacers are arranged to stimulate, the right ventricle of 
the heart, but it is also known to stimulate the left 
ventricle,;. In particular for: the treatment of congestive 
heart.. failure, or other severe cardiac failures it is known 
to. stimulate the left^ ventricle, or .both ventricles, in 

30 order to- optimize the hemodynamic performance of the heart. 

US-A-5 728 140.. describes a .method and an apparatus for 
pacing the. left ventricle,,of • the heart. The pacing electrode 
. . is pps.itipned w.ithin the interventricular <^ septum^ , proximate 
35 the left yentricul|Lrjiyall thereof . .; . . . , 
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US-A-5 720 768 describes different possible electrode 
positions in order to stimulate or sense the different 
chambers of the heart, t- • • 

5 Also the article ''A Method for Permanent Transvenous Left 
Ventricular Pacing" by Blanc et al, PACE, Vol, 21, 1998, pp. 
2021-2024, describes a method for' positioning leads for left 
ventricular pacing. 

10 US -A- 4 928 688 ' describes "a • method -and' an- apparatus for 
treating patients suff eiring frotn ' congestive 'heart failure by 
stimulating both the ventricles . 'The ddcument discusses the 
problem -involved' when the left-and' right ventricles contract 
in asynchrbhy; Ih' order to effect substantially^ simultaneous 

15 contraction of both ventricles, ' the document suggests means 
for separately ' processing sensed 'cardiac signars ' f rbm each 
of the" right and left ventricles . If ventricular 
contractions are' 'not s^nised in.' both ••Ventricles "within a 
period of coincidence ' defined by -a • time' delay, the' pacing 

2 0 pulse will be emitted - at ' this ertff of ' this time delay," but 

only to the ventricle for- which a QRS-complex has hot been 
sensed. The time delay is suggested to be in the order of 5- 
10 ms • ■'. ' ' . '-L • " 

25 SUMMARY OF THE INVENTION - - - ' ' / 

The purpose of pacing the left' arid'-xight ventricl^^s * with 
separate leads is to dmp'rdve' the' synchrohi2ation of the 
mechanical contraction' of the tV/o ventricles. The 

3 0 synchronization of the- ' ventricles is* Very > important for 

patients with severe congestive heart failure. These 
patients are often waiting' 'for a ' he'art transplant and 
optimal hemodynamic conditions -'durih^' the time 'before the 
trahspTant is important - for- the outcome. - A problem in this 
35 context is that synchrbnous pacing' -will ^ ^ri^ 

provide the best possible synchronization of the actual 
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contraction, of- the ventricles. The present' inventors have 
foiind that the synchronization of the ventricles may be 
improved compared to previous known devices if the cardiac 
stimulating device comprises - particular means for adjusting 
the timing of the stimulating pulses in order to optimise 
the synchronization in-the contraction of the ventricles. It 
is thus an object of- the present invention to provide an 
implantable cardiac stimulating device by mekns of which the 
synchronization of the ventricles is improved. 

The object of the invention "is obtained by an implantable 
cardiac stimulating device, -comprising^: 
• • a housing, ' ..-'■'}:-. : • .■• 

a control circuit- enclosed - in said ' - housing, ' said 
control ^-circuit being adapted to ^be bonnected to a first 
electrode to be^ positioned tO'-stimurate a first ventricle of 
the heart,' ■ " ' - - ' ■ •. . : . 

said control circuit also being adapted to be connected 
to a second electrode to be positioned to stimulate a second 
ventricle "of the heart > . * - ' 

said control circuit comprising means for delivering 
stimulating' pulses to- said first and "second electrodes in 
order to stimulate the first '-"^ and second ventricles, 
respectively, ■•■ . • : . / ~ - r ■ 

wherein the control circuit comprises means' arranged td 
enable the delivery of the stimulating pulses to said first 
and second electrodes within the same cycle of the heart 
such that- there may be - a time interval between them, wherein 
the control circuit is arranged such that said time interval 
is varictble, ' * . . ' • ^ ^ , 

means -arranged for- "sensing at 'least one evoked- re'sponse 
parameter ' to ^ stimulation for • the first and second 
ventricles, -r^espectively, • ' ... 

wherein- the control circuit' comprises means arranged to 
conpare ' the bccurrence in time 'of the sensed evoked response 
parameter to - stimulation" of - the first ventricle with the 
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sensed .evoked, response parameter to stimulation of the 
second ventricle, and 

wherein the control circuit comprises .means arranged to 
control the. delivery of stimulating-pulses to . said first and 
. second electrodes such that the difference in occurrence in 
time between said sensed., evoked response parameter to 
stimulation of the first ventricle and said sensed evoked 
response ^.parameter to stimulation. 0:f the se.cond ventricle is 
minimized. • - • .: j.- 

According to the invention, >the. stimulating pulses to the 
ventricles are delivered at . such times' that the sensed 
evoked response parameters to the left and right ventricles 
occur. ..substantially ^ simultaneously.; Since., the evoked 
responses ar^. .better related, to the. actual contraction, of 
the ventricles . then, the r delivery of .the pacing pulses/, an 
improved synchronization may be obtained by the present 
invention.. . ^ • ^- r = 

According to a further embodiment of the invention,- said 
means arranged ,fpr sensing at.^jleastf ,qne evoked response 
parameter to. stimulation, for the first, .and, second, ventricles 
are arranged for sensing^ an electrical evoked response 
parameter. Such an electrical evoked response parameter may 
be sensed by, for example, ; the, . electrodes, used for 
stimulating the ventricles., . . ^ . ^ , 

..According to a further- .embodiment pf. the . i invention, said 
^.control circuit is arranged - such that: ■ said comparison is 
made by : comparing the R-wave in the evoked response .to the 
.stimulation of th^ first^ ventricle :with the - R.- wave in the 
evoked response tp stimulation, of the second ventricle.. The 
R-wave is also called the QRS-comple^cv -The R-wave is more 
...closely related. ..to, the .ventricular,: contra.cjtion than the 
delivered . s.tijimlatin^ pulsq. By .maki-|ig^ . the . .R-waves . in the 
left , and,, r-. rjight .^.^vent^riGies.., ; -.oecur. ... . s\ibs t ant i ally 
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simultaneously, a good synchronization of the ' ventricles is 
obtained. . . ^ ^ * . 

According to still .another einbodiment of the invention, the 
5 control circuit is arranged such that said comparison is 
made by measuring an integral of the difference between said 
R-wave in the evoked response to the stimulation of the 
first ventricle' and - saiid *R-wave in • the evoked response to 
stimulation .'of the ^ second • ventricle;- wherein said time 
10 interval is- set such that said -integral is minimized. Since 
the R-wave in the evoked' response to stimulation of the left 
ventricle may 'have a- slightly "different shape than the R- 
^ wave in the evoked-^ response 'to stimulation of the right 
• ventricle, the "invent ots have found that ' by ^minimizing said 
15 ■ inteigral - a substantially simultaheous ^^contraction of the 
left aind right ventricle's is obtained 

According to a further embodiment of the ihvention/ said 
integral is measured over a predetermined time period after 

20' stimulation; This^ predetermined time period can be related 
either to the stiniulatibn of the" left * or " of the right 
iventricleV It is ^ thereby not necessary to exactly detect the 
beginning aind the end of the' R-waves. However, the 
■ ' predetermined ■ time ' period -is ' selected to essentially 

25 correspond to the: extension ' in time of th^ R-waves. ' 

According to a - further embodiment of the invention, the 
control -circuit -is arranged. -such that said comparison is 
made by- comparing the occuzxence in time of a slope or peak 

3 0 of the -R-waVe in ''the -evoked' response to the' stimoiilation of 
the- -first ventlricle -with ■ the - occurrence in time of the 
- corresponding slope "or peak' of ■ the -R-wave in the evoked 
response to' stimulation of 'the second ventricle, wherein 
said time interval is set such that the difference in 

35" occurrence in time ' -between - said * slopes or ■ peaks is 
minimizjed . -Instead of ' 'tis'ing'-fehe --above-mentioned integral , it 
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is. possible; to detect another point on -the- R-^wave curve. For 
such a point it is suitable to use either a slope or a peak. 
The slope may be either negative or positive. For example, 
the maximum negative or positive slope may be used. 

According to. still another, embodiment of - the:: invention, the 
control circuit is arranged tQ. set • said : time interval by 
first varying said time interval . and by. comparing the 
corresponding, evoked .response- parameters .for the different 
time, intervals, and. ..then setting said time > interval- such 
that said .integral . is , minimized, or -.said difference in 
occurrence in time between said, slopes or peaks is as small 
as possible. In this .way - an . ppt imal • time interval may be 
found ;by an- iterative .processi. The. difference, : in occurrence 
in time bjBtween . said . slopes or peaks r- may be continuoiasly 
monitored, such that the, •time interval'^is adjusted such that 
the contractions of the left and right ventricles occur 
sxibstantially simultaneously.: . : r 

According to a - further,- , entoodiment^ of the invention, - the 
control circuits are arranged such, >that the - sensed evoked 
response parameter is - a : unipolar sensed evoked response 
parameter. It has been found that a unipolar sensed.^ evoked 
response parameter is suitable f or, detecting .the R-wave. 
However,^ it is also, possible to -Use bipolar sensing.:. . 

According to a further . embodiment.-. /of .:.the^ invention, the 
cont.rpl circuit is arranged such, that said - cotTTp.arison is 
made by comparing the T-wave in the* evoked -.response. -to the 
0 stimulation of the-, first ventricle .-wi-th :the. T.-wave in the 
evoked response to stimulation of the second ventricle. The 
T-wave represents ventricular repolarisation.T^ wave is a 
,good,..lndication of the ventricular contraction. 

5 ..According to.^ still r-anqtherv-einb invention, the 

.control cirjcuitr. is r.arxafige^.-: siii^ / compa^rison is 
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made by measuring, an integral of the difference between said 
T-wave in the evoked response • to . the stimulation of the 
first ventricle and said T-wave in the -.evoked response to 
stimulation of the -second .ventricle,, wherein said time 
interval. is set such that said integral is minimized. In the 
same manner as described above in connection with the R- 
wave, it is possible - to inake,. the contraction of the 
ventricles occur substantially simultaneously, by minimizing 
the corresponding integral for the T-waves. 

According to a further embodiment ol: :the invention, said 
integral is measured over a pre^determined- time: .period after 
stimulation.. , r .- . . , . -^.^ 

Furthermore, . in a similar : manner ...as :to what has been 
described above.-, -in connection with the.. R- wave, . it is 
possible to detect a slope or peak of the T-wave . in the 
evoked response to stimulation , of the. ventricles-. Also, in a 
marper. .similar to. what has .been described above it is 
advantageous to „ set said.: time interval by varying the time 
interval and by comparing the corresponding evoked response 
parameters. ... ^ 

According to- still a further, embodiment ■ of the invention, 
the control circuit,. is. arranged such . that the sensed evoked 
response, parameter is- a bipolar sensed- evoked response 
parameter; Such ; a.- bipolar ' sensing . ha© ; been shown to be 
advantageous for detecting the T-wave. However, it is also 
possible, to use :unipolar.. sensing.- 

According to another embodiment .of .the invention, said means 
arranged for sensing, at least one^. evoked response parameter 
to stimulation for the, first and second ventricles are 
arranged for sensing a; mechanical evoked, .response, parameter . 
The^ .mechanical evoked response •paramet.er . may.- constitute the 
actual, -contraction.. o| -X^he-^ jrespe^tive ventricle; ' Such a 
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mechanical response parameter may be sensed by, for example, 
an accelerometer, means for sensing pressure or means for 
sensing the impedance . An advantage with tHe sensing of a 
mechanical ' evoked response parameter is that this parameter 
5 is directly indicative of the coritractibn o'f the' ventricles . 

... ...... .■ • • ^ - - ^ 

According to -a further • embodiment ' of - the invention, the 
device ' cortprises means fdr ' varying '^^^ of - stimulating 

pulses up to a -maximum^ pacing rate, - ' 
10 wherein the control circuit comprises means arranged to 

• measure the time gap between a stimulating pulse and the 
associated evoked" response parameter^ ^ sensed' by - said means 
for sensing for at least one of the first ' and second 
electrodes, 

15 • . means for monitoring said time gap at the vairying ^ 
pacing / rates* with*' which 'the' stimulating pulses "are ■* 
•delivered, - ' i ^ ^ ■• . . •.- ' 

• and wherein the cOntirol- circuit is 'Arranged such that I'.v. 
said maximum pacing rate is lowered if said time 'gap' does ^ 
20 not decrease with increasing pacing r^te. ' • .-^ v :% 

The inventors of the present invention have found that the 
time gap between a stimulating pulse and the associated 
evoked response ' parameter may be monitored -? in order to 

25' . detect heart problems,^, such as dis synchronization. Normally, 
when the pacing : rate increases ,'- thfe ' tattie gap- between a 
stimulating pulse and • the ' associiat^d evoked " response 
parameter becomes, shbrter. Howev^rv- at' a '-'certain' pacing 
rate, said time gap may stop -decreasilig although the pacing 

30 rate increases. The present inventors have found that such a 
.'• situation is lan ihdicati<5n • of-i^'hear^t' - p^ such as a 

dissynchronization between the ventricles . According to this 
' embodiment of the^^ invention,- sin ^ implantable'- cardiac 
> Stimulating • device is-'- provided' which- is' • such /•that the 

35: ---patient carrying ^ the "devic'e ^^^^ to less risk, 

since the maximum pacing rate is lowered if*^'' the mentioned 
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time gap does* not decrease with increasing pacing "rate. 
BRIEF DESCRIPTiON OF THE DRAWINGS 

^^9 3. ' is a schematic representation of a device 

according- to the invention connected to a 

• -heart; - 

Fig 2* ^ is a block diagram of a control circuit of a 

device according to the invention; 

Fig 3 • is a schematic representation bf an electro- 
cardiographic -response signal to" a stimulating 
. * ' - pulse; - 

Fig 4 ' ■ ■ ' is a schematic graphical representation of the 
relationship between "a time" gap and the pacing 
^rate;' - - • . - • ■ -'i . . . ; 

Fig 5a",b,c* ' are 'schemactic representations of typical ' 

• electro- cardiographic response signals to 
stimulation- of the* left and right ventricles. 

• DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig 1 shows an implantable' cardiiic^ stimulating device 10, 
hereinaiter also called a pacemaker, according to the 
•invention. '-The pacemaker 10 comprises a housing 12. A 
control circuit 14 (see Fig -2) is enclosed in the housing 
12. The control ciricui't 14, and thereby the pacemaker 10, is 
adapted to be connected to a first electrode 16. Fig 1 shows 
' such an electrode 16 'Which is connected to the ' pacemaker 10 
via a -lead^ 13.'.: The ' f irst electrode 16 is adapted to be 
positioned- to stimulate a first- ventricle IB of ''*the heart 
19\ The first - ventricle 18 is in this' case the right 
ventricle. According to the invention, the pacemaker 10 is 
also adapted to be cormecteld to a second electrode 36 . Fig 1 
-shows such ' a -secbnd electrode 36 connected to the housing 12 
via a - -lead '15.'*- The "-second electrode 36^" ^is posit ioned to 
stimulate" a' se'cdnd vehtricl-e' 38-^bf^^ 19. tH^ second 
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ventricle 38 -.is in this case ■ the left, ventricle. The 
electrodes 16, 36 may include more than one electrical 
conductor in order to allow for bipolar pacing and sensing. 

5 Fig 2 shows a schematic representation of . a block diagram of 
a control circuit 14 which is- enclosed in the housing 12 of 
the pacemaker 10. The control circuit 14 comprises means 20, 
40 for, delivering stimulating pulses 21 to the first 16 and 
second 36 electrodes. The control circuit 14 comprises means 

10 24 arranged for sensing at . . least , one evoked response 
parameter of . said first ventricle- la to the stimulating 
pulses delivered via said first electrode 16. The pacemaker 
10 alsq, comprises means .44 arranged for sensing at: least one 
evolved response parameter, to the stimulation of the second 

15 ventricle 38. The evoked response parameter may either be a 
parameter which i.nd.i.cates. .a ^ mechanical - contract^ of the 
ventricle.. 18. ...or a., parameter.-, indicating an electrical 
response.. .The mechanical, contraction may, for example, be 
sensed by an accelerometer, a pressure sensor or an 

2 0 impedance sensorr. The., impedance may,, for^ example be: sensed 
by an electrode l6, 36 connected to the pacemaker 10. The 
evoked „response . parameter may also -rbe an electrical ■ evoked 
response, parameter .which is sensed, .for example, , by the 
electrode 16, .36 ..positioned . in . the ventricle,-. Such an 

.25 electrical evoked , response parameter, may be,, for rexample, 
the T-wave or the R-wave in the electrical evoked response. 

,The control circuit 14,. also ^cpjmprises v. imeans .4 6. arranged to 
enable , the delivery of. the -stimulating pulses . to the first 
30 16 and the second 36. electrodes . within • the. i same cycle ..of the 
heart such that there may .be a; time interval dT .between them 
. (see. Fig 5c) . Furthermore,- ,the. .control circuit :. 14 is 
. arranged .^uch that ,, said time ..interval .dT is / variable. The 
. control circuit . 14 comprises means . 4 8.;., arranged to - compare 
3 5 ... the. . occurrence ^in ..-time ,of-. the., sensed -evoked response 
.parameter to ..the,, :Stimulatiprl^ of;.the ^first vent-riqle.-. 18 with 
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the sensed evoked response parameter to the stimulation of 
the second ventricle 38. The control circuit 14 also 
comprises means 50 arranged to control the delivery of the 
stimulating pulses to, the first 16 and second 36 electrodes 
such, that the difference in ciccurrence in tirrie AT between 
the sensed evoked response parameter to the stimulation of 
the .first . ventricle 18.. and said ' sensed, evoked response 
parameter.', to the stimulation of the second ventricle 38 is 
minimized'. 

The invention is further* i^llustrated ±n Fig -5a, 5b.> 5c. The 
evoked., response parameter, may . be a mechanical or . an 
electrical sensed, evoked response: parameter as: explained 
above-.: Fig . 5a, . 5b, . •/Sc- -show typical ; electrical evoked 
responses. -.The:- electrical -evoked response' parameter may be 
related, to either, the- R-wave (QRS-complex) or the T-wave. 
Moreover., different, alternatives exist for detecting the 

•evoked' response. The evoked- response parameter may for 
example be a peak or a maximum 52 or a certain predetermined 
slope 54, 55 of the wave which is detected- Also other 
possible points' on- -the curve in the 'electrical evoked 

■ response may . be detected, e.g. a' zero-crossing," ' Instead of 
directly comparing the occurrence in^ time of a-slope or peak 
.or. other, point . on the respective- wave, it is possible to 

-measure an integral -of the difference between the wave in 
question in • the . evoked response ' to i the stimulation of the 
■first; ventricle- "18 and the :wave in the evoked response to 
the stimulation .- of : -the' second ventricle '38. The time 

. interval dT:. is.;.; thereby set such that said integral is 

•minimized.. The., integral is^ preferably measured over a 
predetermined time period after a stimulating pulse. For 
example, for detecting the R-wave the time period may start 
10 ms.= after - the: delivery of the last stimulating pulse and 
end 4.0 ms. .later . -.-The .sensing .of the evoked \ response may be 

:.done. either with a' runipolar; or -with • a bipolar arrangement . 
When.::the R-wave-.. is* sensed it:i. may. b^: " advantageous to" use a 
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unipolar sensing. When the T-:wave is isensed it may be 
advantageous to use a bipolar sensing. 

In Fig 5b an example is shown where the peak of the R-wave 
5 is detected. The curve 56 represents the electrical evoked 
response to a stimulation pulse" .21 for - the first ventricle 
18. The curve 57 represents, the corresponding evoked 
response for the second ventricle ' 38.; According to this 
example, the stimulating pulses 21 to the first 16 and the 

10 second 36 electrodes are delivered simultaneously. In the 
example shownv' the peak of ithe curve 56 :OGcurs before the 
peak of... the curve 57. The difference in:: occurrence in time 
between the peaks- of the .curves -56 -:and: 57 is represented by 
AT, According ito . this . embodiment .' ;-of the .invention, the 

15 control -circuit- 14- thus • coirprises vmeans • 50 which, delivers 
>the stimulating:.: pulses to the r first-i 16 and [Second 36 
electrodes at different • tiroes-* ^.uch . that .the difference in 
occurrence in time ^pf- the peaks of .".the ? curves » 56.. -and -57 is 
^minimized, r s " ■ '.' 'i o c-^u ' 

2 0 • • . ; . 

• Fig. 5c- illustrates that the. stimulating pulse to . the . second 
-ventricle 58 is delivered before > the- stimulating, pulse to 
the first ventricle 18 ..r Hereby ..it he-' two peaks of -the curves 
56 and 57 occur substantially simultaneously": (AT is equal to 
25 0). In order to : make..- -the peaks occur- simultaneously it is 
possible to. either deliver, the stimulating pulse .to the 
electrode 36 (corresponding to the -.curve 5,7) ..earlier in time 
or ' to deliver the pulse .to- therelectrode 16 (corresponding 
to the curve 56)*, later in timei^ A physician may determine 

3 0 which of the two .possibilities is; most suitable - for a 

particular patient. . ^>'r^ i •.>::■'' ■. •; " :: ,< 

The. pacemaker/ 10 may. be of the. kind which comprises means 22 
. if or. varying the pacing rate The time interval dT may vary 
3 5 .. . in ^depend.ehcje. o£ the: pacing. ^ rate.. ...The control crircuit - 14 may 
hereby be arranged»':to. .take;: the -pacing rate., into 'account when 
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determining a suitable time interval dT. In other words, if 
the pacing rate increases, the control circuit 14 may be set 
to change the time interval dT such that the sensed evoked 
response parameters are likely to occur simultaneously. The 
-evoked responses may. then be continuously monitored such 
-that the time interval dT is modified such that the evoked 
response parameters continuously occur simultaneously. 

* According tb-^a further embodiment df the invention, the 
control circuit also -conprises tneahs 22 for varying the rate 
of stimulating pulses up to a maximum "pacing rate M. The 
maximum pacing -irate M -^may be • the 'maximum sensor' * rate and/or 
the - maximum track ' rate. The- control -circuit 14 also 
-comprises means 2 6 arranged -to measure a first time gap G 

-between a stimulating pial'se and the associated evoked 
response parameter sensed* by said means for sensing 24 ; 

Fig 3 shows a schematic representation of a typical 
electrical sensed response signal . A stimulating pulse is 
represented by the reference humber 21. In the electrical 
response to such-' a stimulating 'pulse 2l' an R-wave (also 
^ Galled QRS-complex) and ' a •■ T-wave may' be detected. In the 
example according to Fig- ' 3 the- -sensed evoked ^ response 
parameter is the T-wave. G represents the mentioned time gap 
between the stimulating pulse 21 and the associated evoked 
response parameter sensed by the means for sensing 24. 

The- control' circuit 14 'comprises means 28 for monitoring the 
first time gap G at the varying pacing rates with which the 
stimulating pulses 21 are delivered. The control circuit 14 
is arranged such- that 's^id 'mtoimum pacing rate M is lowered 
if said- first time gap" G does not decrease- with increasing 
pacing rate. - ' - • ^ 

Fig- .4 .shows a • schematic representation of - the relationship 
between: the-- time gap G'^and* the pacing rate. The pacemaker 10 
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normally has a preset, programmable maximum • pacing rate M. 
The maximum pacing rate is represented, with M in Fig 4 . The 
time gap between a stimulating pulse 21 and the associated 
evoked response parameter normally decreases when the pacing 
5 rate increases. However, for- some-, patients-, for. example 
those with a progressive heart disease, which may alter the 
compliance patterns due to geometric .x^emodellring.' of the 
myocardium, the heart disease may be such that the 
previously set maximum p.acing rate -M. is in. fact. too high for 

10 the patient . According to thiS; embodiment pg the „ invent ion, 
the maximum pacing rate M is lowered if the mentioned first 
time . gap. G does not.. decrease^ with increasing pacing : rate . In 
Fig 4. the point ..29 on the .curve is a point- v where the 
mentioned, time, . gap ..G does, not . .decrease with, increasing 

15 pacing, rate.'^ When this point 29 is;, r?e ached, the maximum 
pacing rate M is.. -thus lowered, according ..tp the present- 
invention. 

The control, cirquit rl.4> may. also comprise . mean^. 34 for 
20 monitoz:ing -the change. ^ in :time gap AG when the., pacing rate 
increases. The control, .circuit 14 is -hereby arranged, such 
that the maximum, pacing rate M is lowered ' :if the change in 
time gap AG is below, a predetermined value . In Fig :.v4 two 
examples of AG are indicated. AGi .is relatively large and 
25: AG2 is., smaller. When AG i,s , below a predetermined ^value the 
maximum pacing rate . M is thys . lowered. Thereby the. , maximum 
pacing rate M may be lowered before the point 29 is reached. 
Thereby the risks .to -which the. he^rt e^qjosed- are-- reduced 
eyen further. . - ^ • 7 . ^ ^ 

30 . . - . . % ■ ^ — ; ■ ; ■ ' - 

, To return to Fig 2 , the control. .circuit •14 may- also, comprise 
means 3p for stor.ing the .measured first time, gap G for one 
or more pacing rates. The control circuits 1:4 .further 
comprises means 32 arranged for comparing the present 
.35. .measur:ed..firat t;ime.« gap:..with«, a pre^ S:tor,ed if irst time 

. . , g^p. for.. the .coxresponc|ing'^/:paGi^^ r^te*-.:The -.cpntrol ,icircuit 
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14 is arranged such that the maximum pacing ' irate M is 
lowered also in case of difference between the present 
measured first time 'gap - and the corresponding stored first 
time gap exceeds a predetermined value. Thereby a further 
measure is taken in order to reduce the risk for the 
patient. 

As explained above in -connection with Pig' 1, the pacemaker 
10 is adapted to be connected 'to a' second electrode 36. The 
means -26 -arranged '- to measure the first time gap G may 
thereby -also arranged to measure* a corresponding second time 
gap between a stirritilating pulse and the associated evoked 
' response parameter of- the' second ventricle 38 / The control 
circuit 14 ib hereby arranged such that the- ' maximum pacing 
rate' M is lowered if • at least one of "sai<i first and second 
time gaps does riot decrease with increasing pacing rate. 

The control • circuit 14' may "also be** a:£-rariged such ' that the 
maximum pacing ■ rate- M' is lowered also if '"the difference 
between the first ' 'arid second time '^aps exceeds a 
-predetermined value*. ' Thus the maximum pacing rate M is 
'lowered also in this case, in order to "further deduce the 
' risks to which the patient " is exposed . 

The present invention is not limited to the above -described 
preferred- Embodiments. Various alternatives, modifications 
and equivalencies may be HiWed.' Therefore, the above 
embodiments should not be taken as limiting the scope of the 
invention, which ^ is" def fried 'by the appendant claims. 
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Claims. 

1..,. An implantable . cardiac .stimulating device . (10), 
comprising.:. • " 

5 a housing (12), . \- . \. 

a control circuit (14) enclosed in said housing (12) , 
said control circuit (14) being adapted to be connected to a 
first electrode (16) .to. be positioned, to stimulate a first 
.ventricle. (18) of the heart (19) , , - .. 

10 said control circuit , ,(14) also, being adapted to be 

connected to a second ..electrode r .(3 6)^ to . be - positioned to 
stimulate a second ..ventricle (38). of .the ^eart (19) , . 

.. said control qircuit (14) -comprising me^s ,.(20, 40) for 
delivering, stimulating piilses. (21) •. to said first - (16).. and 
15 secpnd. (36) electrodes in. order- to stimulate the first. (18) 
and second (38 )_.v,ent,r icl.es,, respectiively, ... t,.. 

wherein the control circuit (14) comprises means (46) 
arranged to enable the deliyery.- of, the -stimulating pulses r; 
(21) to said first (3..6).. and ^second (36) , electrodes within * 
20 . the same cycle of the . heart , such that there may,, be , a. -time 
interval (dT) between them, wherein . the control circuit ( 14 ) 
.is arranged puch that ...said time interval (dT). is variable, 

means (24, 44) . arranged .for sensing at least one evoked 
response parameter to stimulation for the first (18) and 
25 second (38) ventricles, respectively, 

wherein th$ .control circuit . (.14). comprises means (48) 
arranged to coiipare the occurrence..!^' time. of., the :.sensed 
evoked response^ parameter to stimulation, pf the first 
ventricle (18) wit,h the sensed, evoked response parameter to 
30 stimulation of the second ventricle (38) , and 

wherein the control circuit (14) comprises means (50) 
arranged to control the delivery of stimulating pulses (21) 
to said first (16) and second (36) electrodes such that the 
difference in occurrence in time (AT) between said sensed 
35 evoked response parameter to stimulation of the first 
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ventricle (18) .and said sensed evoked response parameter to 
. stimulation. of the second ventricle (38) is minimized, 

2. An implantable cardiac stimulating device (10) 
5 according to claim 1, wherein said means (24, 44) arranged 

for sensing at. least one evoked response parameter to 
stimulation for the first (18) , and second (38) ventricles 
are arranged for :. .sensing ..an electrical evoked response 
parameter. . , • 
10 - ■ : ^ . ^ 

3. An. implantable cardiac- stimulating' ' device (10) 

: according to claim . 2, wherein the control -circuit (14) is 
arranged such that said comparison -is -made by "comparing the 
R-wave in the evoked response to- the' stimulation of the 
15 first ventricle (18) with the R-wave in the evoked response 
to stimulation of .-the second - ventricle (38-) . 

4. . . An '. implantable -.'cardiac stimulating device- (10) 
according to claim 3, : wherein the control circuit (14) is 

2 0 arranged such that said comparison is made by measuring an 
integral of the difference between said R-wave in the evoked 
response to the stimulation of the- first ventricle (18) and 
said R-wave in- the evoked . response to stimulation of the 
second ventricle . (38) , wherein said time " interval" (dT) is 

25. set such that said integral is -minimized. • 

5. An implantable r cardiac- stimulating device (10) 
according to claim 4, wherein said integral is measured over 
a -.predetermined- t'ime period- af1:er stimulation. 

30 . , - • ..... . . • • 

.6.. \ An implantable^ *' cardiac stimulating device (10) 
according . to claim. 3, - where in ^t he control circuit- (14) is 
arranged .such that said comparison is made by coirparing the 
occurrence . in time ofra' slope or peak of the R-wave in the 
35 evoked ...response- to. .the ..stimulation of the ' first-' Ventricle 
(18) with the occurrence: in' i-tdme--. of '-the Goifresponding slope 
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or peak of the R-wave in the evoked response to stimulation 
of the second ventricle (38) wherein said time interval 
(dT) is set such that the difference in occurrence in time 
(AT) between said- slopes or peaks is minimized. 
5 ir 1:.- - . ' • . ' ' ' 

7. An implantable cardiac stimulating. device (10) 
according to:any of the claims 4 to: 6, wherein the control 
circuit (14) ^ is arranged to set. Baid. time ^interval (dT) by 
first varying said time interval (dT) and by comparing the 

10 corresponding evoked response parameters for the different 
time interval^ (dT) , and. then setting said time interval 
(dT) such thati said integral is minimized or said- difference 
in, occurrence: .. in time;. (AT) .between said slopes or peaks is 
as small - as;: possible ,.; • f . \ ^ r . . 

15 -: : q '^.|.. ; •:• w ■ . ■ . ■ ^: • 

8. An implantable . r.cardiac stimulating . .device (10) 
according to any of the claims 1 to 7, wherein the control 
circuit (14) is ;.. arranged,: . such '^ ibhat -. the sensed evoked 
response i parameter is .a L unipolar -sensed evoked response 

20 . parameter. ^ . • r ' 

9. -An implantable cardiac .': sitimulating device- (10) 
according to^ claim . 2 ,;.-= wherein : the control circuit (14) is 
arranged such that said comparison- is . made by comparing the 

25 T-wave in the evoked response-.v to; the stimulation of the 
first ventricle (18) with the T-wave in the evoked response 
to stimulation: of -the second ventriclei, (38) . ■ 

10. An implantable cardiac: ; stimulating t • device (10) 
30 according to claim 9, wherein the control circuit (14) is 

arranged such that , said -comparison :is amade.- by '.measuring an 
integral- of the difference between said T-wave in the evoked 
response tp the stimulation': of . the first ventricle (18) and 
, .said . T-wave in .the. evoked response :tb ..stimulation of the 
35:m second ventricle (38J .wherein: .fsaid/ time: linterval' (dT) Is 
setr-such that s^id ^integral^. isj minimized. . » i. 
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11. An implantable cardiac stimulating , device. (10) 
according to claim 10, wherein said integral is measured 
.over a predetermined time period after stimulation. 

5 ' * " ' * 

12. An iirqplantable ,.cardiac . stimulating device (10) 
according to claim 9, wherein the . control circuit (14) is 
arranged such . that said copnparison is .made by . comparing the 
occurrence in time of .a slppe or p^ak.of the T-wave in the 

10 evoked, response, to the. stimulation of the first ventricle 
(18) with the occurrence in time of . the. corresponding slope 
or peak of . the T- wave in the. evoked response to stimulation 
of the second .ventricle (38.) . wherein said : time interval 
(dT) is . set such that .the difference in occurrence in time 

15 (AT) between said slopes or peaks is minimized. 

13.. An .^ implantable, cardiac.^-, stimulating device (10) 
accordingj . to anjr. of ... .th^ . claims . 9-12 wherein the control 
circuit (14) is arranged to set said time interval (dT) by 

2 0 first varying said time interval (dT) and by coir^aring the 

corresponding evoked response parameters for the different 
time intervals (dT) , and then setting said time interval 
(dT) such that said integral is minimized or said difference 
in occurrence in time (AT) between said slopes or peaks is 
25 as small as possible. 

14. An implantable cardiac stimulating device (10) 
according to any of the claims 9-13, wherein the control 
circuit (14) is arranged such that the sensed evoked 

3 0 response parameter is a bipolar sensed evoked response 

parameter . 

15. An in^lantable cardiac stimulating device (10) 
according to claim 1, wherein said means (24, 44) arranged 

35 for sensing at least one evoked response parameter to 
stimulation for the first (18) and second (38). ventricles 
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are arranged for sensing a mechanical evoked response 
parameter . '' 

16 . Am implantable cardiac stimulating device according to 
5 any of claims 1-15, comprising 

means (22) for varying the rate of' stimulating pulses 
up to a maximum pacing rate (M) , 

wKerein the coritrol dircuit ' (14) comprised means (26) 
arranged to measure' the time gap (G) betweeh' a stimulating 
10 pulse (21) and the' aissociated' evoked' tespbnse parameter 
sensed by" said means for sensing (24, 44) fcir' dt least one 
of the f irst ('r6> arid second (36) electrodes, ' " * 

Trteans ■ (28) • for "monitoring said time gap (G) at the 
varying pacing rates with ' which the stimulating pulses (2'l) 
15 are delive'red, " ' ' ■ ' ' ' ' 

and wherein the control circuit (14) is arranged such 
that said " maxim[iim' pacing iralte (M)" is" lowered iif said time 
gap (C3)= ddeis not decrease 'with' increasing paciirig rate.* 
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